In acute myeloid leukemia (AML) the subset with complex karyotype (CK) is traditionally regarded as the worst prognostic group. However, > 3, > 4, or 
Introduction
Different cytogenetic classifications are used in acute myeloid leukemia (AML). However, the assignment to the unfavorable risk group is largely concordant. Consistently included are Ϫ5/5qϪ, 7qϪ/Ϫ7, Ϫ17/abn17p, inv(3)(q21q26)/t(3;3)(q21;q26), and complex karyotype (CK). With respect to CK, the following 3 definitions are used: Ն 3, 1-4 Ն 4, 5 or Ն 5 6 unrelated chromosomal abnormalities. Recently, the so-called monosomal karyotype (MSK) defined as a karyotype showing Ն 2 distinct autosomal chromosome monosomies or 1 single autosomal monosomy in the presence of structural abnormalities was introduced. 7, 8 It was suggested that patients with MSK have a poor outcome being even inferior to CK. We tested the prognostic power of these differently defined cytogenetic subsets of poor-risk AML to identify the best definition for the prognostically most unfavorable subgroup.
Methods
The study is based on 1959 patients with newly diagnosed AML analyzed between August 2005 and May 2011. We excluded all patients with t(15;17)/PML-RARA, t(8;21)/RUNX1-RUNX1T1, inv(16)/t(16;16)/CBFB-MYH11 (n ϭ 170), and normal karyotype (n ϭ 965). Thus, 824 patients with cytogenetic abnormalities remained for further investigation. 643 patients had de novo AML, 87 had t-AML, and 94 had secondary AML after myelodysplastic syndrome or myeloproliferative neoplasms. All patients with CK were analyzed by 24-color FISH in addition to chromosome banding analysis to resolve the karyotype in detail. 9 Patients agreed with the use of laboratory data for research studies. The study was approved by the Munich Leukemia Laboratory Internal Review Board and adhered to the tenets of the Declaration of Helsinki.
Results and discussion
Of the 824 patients in the study, 428 (51.9%) with chromosomal abnormalities showed an intermediate risk karyotype according to revised Medical Research Council (MRC) criteria (MRC-I), 5 whereas the remaining 396 cases (48.1%) belonged to the unfavorable MRC group (MRC-U). In addition, we applied the definition of MSK 7 and evaluated the numbers of monosomies. In 188 cases (22.8%) Ն 1 autosomal monosomy was detected. Overall, 285 autosomal monosomies were observed. The most frequent monosomy was Ϫ7 (n ϭ 101), followed by monosomies 17 (n ϭ 32), 18 (n ϭ 28), 16 (n ϭ 19), 5 (n ϭ 18), and 3 (n ϭ 17). Only monosomies 7 and 10 occurred as sole chromosome abnormalities in 19 cases and 1 case, respectively. It was found that 164 of 188 cases fulfilled the criteria of MSK. The proportion of cases with MSK was lower in our cohort (164 of 824; 19.9%) compared with the study by Breems et al 7 (184 of 733; 25.1%) and Kayser et al 10 (319 of 1058; 30%). This is most probably because all cases with CK in our cohort have been analyzed by 24-color FISH in addition to chromosome banding analysis. With this approach many monosomies described by chromosome banding analysis were deciphered as rearranged chromosomes. 9, 11 Thus, a more accurate cytogenetic evaluation results in a lower proportion of MSK cases. The publication costs of this article were defrayed in part by page charge payment. Therefore, and solely to indicate this fact, this article is hereby marked ''advertisement'' in accordance with 18 USC section 1734.
According to revised MRC criteria, 5 4 of the 164 cases with MSK were classified MRC-I, whereas 160 were classified MRC-U. The overlap in classification between CK and MRC-U differed depending on the number of aberrations used to define CK ( Table  1 ). As such, the numbers of cases with CK were 273 (33.1%; MRC-I, n ϭ 17; MRC-U, n ϭ 256) with the use of Ն 3 clonal aberrations, 224 (27.2%; all MRC-U) with the use of Ն 4 clonal aberrations, and 196 (23.8%; all MRC-U) cases when applying the criterion of Ն 5 clonal aberrations, respectively. Univariable Cox regression analysis found unfavorable cytogenetics as defined by MRC-U, MSK, CK Ն 3, Ն 4, or Ն 5 unrelated abnormalities as significantly associated with inferior overall survival (OS) compared with the respective remaining patients with aberrant karyotype (for all, P Ͻ .001). Hazard ratios were 1.61, 1.93, 1.70, 1.98, and 1.94 (95% CIs, 1.25-2.07, 1.45-2.59, 1.31-2.21, 1.51-2.60, and 1.46-2.58). Median OS in the respective categories was 8.5, 5.7, 6.3, 5.8, and 5.7 months, respectively. We then tested the clinical importance of the 4 different definitions for unfavorable subsets in comparison to the remaining cases separated into MRC-I and MRC-U subsets ( Figure 1A-E) . In each comparison the median OS was significantly shorter for the subset with MSK or CK defined as Ն 3, Ն 4, or Ն 5 abnormalities compared with the remaining MRC-U cases (5.7 vs 11.7 months, P ϭ .005; 6.3 vs 11.0 months, P ϭ .041; 5.8 vs 12.4 months, P ϭ .001; and 5.7 vs 11.0 months, P ϭ .004). Furthermore, in each comparison OS of the remaining MRC-U cases was compared with OS of the remaining MRC-I cases ( Figure 1B-E) . No significant differences were observed in contrast to comparing OS between the total MRC-I and MRC-U group ( Figure 1A) , thus showing that MSK and CK define the most unfavorable prognostic subset within MRC-U. This is the first study to evaluate the 4 currently used definitions of the most unfavorable subset of AML, applying these definitions on a large cohort of patients and excluding only those with favorable and normal karyotypes (824 of 1959; 42.1%). Grimwade et al 5 evaluated the effect of complexity, excluding patients with chromosome 5, 7, and 17p abnormalities (860 of 5876; 14.6%), and concluded that patients with Ն 4 unrelated abnormalities exhibited a significantly poorer prognosis (hazard ratio, 1.58), which is in line with our results. Breems et al only compared CK Ն 3 and CK Ն 5 with MSK but did not analyze CK Ն 4. 7 They found that 34 cases fulfilling the criteria of MSK but not CK Ն 3 showed an unfavorable outcome comparable to 150 cases fulfilling both criteria, whereas 70 patients with CK Ն 3 but lacking features of MSK showed an outcome comparable to patients without both CK Ն 3 and MSK. In our cohort 22 cases were MSK ϩ / CK Ն 3 Ϫ , 142 MSK ϩ /CK Ն 3 ϩ , and 131 MSK Ϫ /CK Ն 3 ϩ . In line with the study by Breems et al outcome of MSK ϩ /CK Ն 3 ϩ and MSK ϩ /CK Ն 3 Ϫ did not differ and were both worse compared with MSK Ϫ /CK Ն 3 ϩ ( Figure 1F ). 7 However, performing the respective analysis for CK Ն 4 showed that the subset of 97 cases with MSK Ϫ /CK Ն 4 ϩ showed the same unfavorable outcome as MSK ϩ /CK Ն 4 Ϫ (n ϭ 37) and MSK ϩ /CK Ն 4 ϩ (n ϭ 127; Figure 1G ). Therefore, applying MSK as the sole most unfavorable parameter would miss 97 cases with poor outcome, whereas the definition CK Ն 4 does not identify 37 cases. Thirty of these 37 cases showed a Ϫ7 and 16 and 3q26/EVI1 rearrangement; only 7 cases showed neither Ϫ7 nor 3q26/ EVI1 rearrangement. The comparison of cases with 3q26/EVI1 rearrangements without an additional monosomy versus cases with both a 3q26/EVI1 rearrangement and a MSK versus cases with MSK but without 3q26/EVI1 rearrangement yielded no differences in outcome (supplemental Figure 1 , available on the Blood Web site; see the Supplemental Materials link at the top of the online article). Furthermore, comparison of cases with sole Ϫ7 and AML with MSK showed no differences in survival (supplemental Figures 2-3) . Thus, the reason for MSK identifying more patients with unfavorable prognosis is largely because of cases with a 3q26/EVI1 rearrangement or a sole Ϫ7, for which an association with unfavorable outcome was shown in previous studies. 5, 12, 13 Although none of the analyzed definitions is perfect and CK Ն 4 identifies the largest cohort with unfavorable outcome, the combination of CK Ն 4 and MSK will miss the least number of patients with unfavorable prognosis.
In conclusion, all definitions of very poor risk AML allow clinicians to identify a subset within MRC-U that shows significantly shorter OS than the remaining MRC-U cases. CK defined as Ն 4 unrelated abnormalities clearly identifies the largest proportion of patients with very poor risk, particularly compared with MSK. However, MSK is still capable of identifying ϳ 5% of patients with poor-risk karyotypes who are not classified as CK Ն 4. Therefore, we suggest that the most reasonable approach is the combined application of the categories CK Ն 4 and MSK for prognostication and clinical guidance in AML. Novel therapeutic options have to be evaluated in this subset because allogeneic hematopoietic stem cell transplantation resulted in a limited improvement of OS as shown in a recently published study. 10 
